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In a study of prenatal growth males and females from a laboratory breeding stock were pai-
red until copulation and females were sacrificed in groups 5, 10, 15 and 20 days after con-
ception. Altogether 33 pregnant females carrying 146 embryos were used. Mean litter size
was 4.42. Length and weight measurements of embryo were used as criteria of age develop-
ment of embryos and thereby giving a key to determination of the stage of pregnancy during
field study autopsies. This key makes it possible to give a fairly accurate determination of age
of embryos according to the crown-rump length, as early as 5 days after conception and by

weight between 5 and 10 days.

E. Ostbye & O. Gult, Zoological Institute, University of Oslo, Blindern, N-Oslo 3, Norway.

INTRODUCTION

The purpose of the present study was to find a
method to determine the stage of pregnancy and
prenatal growth when carrying out autopsies in
field studies on small rodents. Small rodents
have a very short pregnancy (around 21 days in
most Norwegian species, including the lem-
ming), and we propose using the prenatal
growth of embryos indicated by length and
weight measurements, as a key for macroscopi-
cal determination of the stage of pregnancy.

MATERIAL AND METHODS

Lemmings from a laboratory breeding stock ori-
ginating from the Hardangervidda high moun-
tain plateau, South Norway, were used in this
study. Males and females were paired and sepa-

Tab. 1. Number of litters and embryos investigated.

rated immediately after copulation was obser-
ved, visually or by the appearance of a sperm
plug. The age determination is not in error by
more than 8 — 12 hours. The females were sacri-
ficed 5, 10, 15 and 20 days after conception, re-
spectively. The uterus was immediately dissec-
ted out, and the embryos released. The crown-
rump length of the embryo, lying on its side
with all the foetal membranes, was then measu-
red in the fresh state. The crown-rump length is
here defined as the maximal length of the em-
bryo.

After removing the membranes, the length
was again measured, the embryo still lying on
its side naturally stretched. It was then weighed,
after gentle rolling on soft paper to remove emb-
ryonal fluid on the body surface.

The number of litters and their size at the dif-
ferent stages of pregnancy are shown in Table 1.

Days after Number of litters Number of Number of Mean litter
conception at different litter sizes litters embryos size
| 2 3 4 5 6 7
5 — — 1 2 - -_ - 3 11 3.66
10 1 1 1 | 3 1 1 9 38 4.22
15 - 2 3 2 1 | 2 11 46 4.18
20 — — 1 3 1 4 1 10 51 5.10
33 146 4.42
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Tab. 2. Crown-rump length and weight of embryos. (1: with foetal membranes, 2: with foetal membranes re-

moved).
Embryo length! (mm) Embryo length2 (mm) Embryo weight2 (g)
Age
(da%/s) X SD SE range n| X SD SE range n (X SD SE range n
5 36 092 0.26 2—S5 11| not measured 0.05 0.00 0.00 0.05 7
10 81182 028 S5—11 38/ 7.7 1.31 0.20 5—10 36| 0.2 0.17 0.00 0.1—0.5 37
15 16.6 3.69 0.53 10—24 46| 16.5 405 0.59 10—14 46| 0.7 0.44 0.00 0.1—1.7 45
20 | 254 289 040 20—32 51| 28.5 3.15 0.44 21—35 51| 2.7 076 0.10 1.4—4.6 51
30} r= 0929 A B
Y= 1.603x-7.036
RESULTS - F1,138 =872 (p< 0.001) e
Measurements of embryo crown-rump length, —~ 20f / .
with and without foetal membranes, and weight E i i
without membranes are presented in Table 2 E S
and Figs 1—3. o 10f e -
A measurement of embryo length without > I / i
foetal membranes, was impossible as early as 5 o Mie
days after conception, as the embryos were too 5 At 5 B 1'0' :
small. Weight was impossible to measure in one
litter for the same reason. £ ' '
Mean embryo length and weight varied 2 30t r= 0.936
among the different litter sizes, but there wasno 2 I L . 32(‘)0_992 ; -1 ‘300‘
tendency to smaller length or weight with inc- 11302912 (p <0.001)
reasing litter size (Tab. 3). However, the number T 20r
of litter samples are too small to show signifi- o i
cant differences between the different litter size /,
groups. 10+ |
DISCUSSION

The mean litter size was 4.42 (Table 1). Litter
size of the Norwegian lemming in the field is re-
ported to be about six (Wildhagen 1953, Kosh-
kina & Khalansky 1962, Kalela & Oksala 1966),
not taking into account age, season or phase of
the population cycle. In other laboratory colo-
nies mean litter sizes from 4.1 (Frank 1962), to

5 10 15 20
days after conception

Fig. 1. Growth of embryo (length). Broken line —
regression line. A. With foetal membranes. B. With
foetal membranes removed. r: correlation coefficient.
Significance of regression tested according to Draper
& Smith (1966, p 24-25). (Fy; 4): F-statistic with d1
and d2 degrees of freedom).

Tab. 3. Mean embryo length (with foetal membranes) and weight (without foetals membranes) at different lit-

ter sizes.
Days after Mean embryo length (mm) Mean embryo weight (g)
conception Litter size Litter size
1 2 3 4 5 6 7 1 2 3 4 5 6 7
5 - - 23 371 — - — — — —D 005
10 50 55 57 57 87 108 84 02 05 07 01 02 02 01
15 — 180 153 137 180 195 169 — 08 04 03 08 08 09
20 — — 257 263 244 261 21.7 -— — 39 30 20 29 1.6
1) Not measured.
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Fig. 2. Growth of embryo (weight).
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Fig. 3. Relation between embryonal body length and
weight. A. With foetal membranes. B. With foetal
membranes removed.

4.8 (Morrison et al. 1976) and 5.3 (Marcstrom
1966) are recorded. Our laboratory colony
shows litter sizes from 4.0 + 1.87 (C. E. Engh,
unpubl.) to 3.4 and 3.2 in two freely growing
confined populations, over a cyclic period of 65
and 85 weeks respectively (Semb-Johansson et

al. 1979). Even if the smaller mean litter size
found in laboratory studies may indicate diffe-
rences in breeding compared with wild animals,
we believe our embryos to be representative of
Norwegian lemmings, in nature or in captivity.
The growth in this experiment shows a clear
tendency to give the same mean length and we-
ight values at birth as found in other studies
(Frank 1962, Marcstrom 1966, Semb-Johansson
et al. 1979, C.E. Engh unpubl.).

When dissecting out embryos younger than
ten days from their membranes in an unfixed
condition, they have a tendency to «shoot out of
their compartment like a jack-in-the-box, and in
doing so they usually recoil and become unduly
stretched» (Gruneberg 1943). Gruneberg also
states that the crown-rump length of a very gela-
tinous embryo of that age is a poor age guide
and recommends that embryos are fixed either
in utero or immediately after dissection, depen-
ding on the age, to avoid malformation. His re-
commendation is obviously valid for exact mea-
surements. We believe, however, based on this
study, that measurements of unfixed embryos
give sufficient precision for field work when
carrying out rapid autopsies on large numbers
of animals.

Embryos of the Norwegian lemmings compa-
red to the laboratory mouse (Enzmann 1935,
Gruneberg 1943, Crispens 1975) and laboratory
rat (Witschi 1962) grow more rapidly up to the
age of ten days. From then on they grow at
comparable speed, reaching slightly higher
length and weight values than the mouse, and
lower ones than the rat at birth.

The length of embryos, with foetal membra-
nes, seem to form a fairly accurate age criterion
as early as 5 days after conception. With the foe-
tal membranes removed, the length measure-
ment may be used from the 10th day on. Weight
measurement gives a less accurate age determi-
nation in the period between 5 and 10 days after
conception, but may be used when this uncerta-
inty is kept in mind. By these age criteria it is
possible to confirm pregnancy as early as 5 days
after conception or estimate the age of elder em-
bryos. :
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SAMMENDRAG
Prenatal vekst hos lemen

I et dyrestallforsek ble laboratorieproduserte
hanner og hunner av lemen satt sammen parvis
i bur og adskilt etter at parring var observert.
Hunnene ble deretter avlivet etter respektive 5,
10, 15 og 20 dagers svangerskap. Ialt ble benyt-
tet 33 gravide hunner med 146 fostere. Den
midlere kullstorrelsen var 4,42. Som Kriterier pa
aldersutvikling av fostrene og derved en nekkel
til & bestemme hvorvidt medrene var gravide
ved disseksjoner under feltundersokelser, eller
hvor langt i svangerskapet de var kommet, ble
brukt lengde og vekt pa fostrene. Denne nokke-
len gjor det mulig & aldersbestemme dem etter
lengde allerede 5 degn og etter vekt mellom 5 og
10 degn etter befruktning.
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